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Introduction
Out-of-hospital cardiac arrest (OHCA) is a major public health concern, with a global average incidence of 55 adult OHCAs of a presumed cardiac cause, per 100,000 person-years [1] . In spite of the application of new and effective therapeutic interventions, as well as the fact that guidelines have been updated, the outcomes associated with OHCAs remain dismal, with only 10% of the patients surviving until hospital discharge and 5% experiencing full neurologic recovery [2, 3] . Following successful resuscitation, cardiovascular dysfunction, global ischaemia-reperfusion, and systemic inflammation contribute further to incidences of multiple organ dysfunction and brain injury [4] . This response termed 'post-cardiac arrest syndrome' varies by the duration and cause of cardiac arrest [5] .
Although brain injury accounts for most of these deaths, whole-body ischaemia-reperfusion injury causes the activation of immunologic and coagulation pathways, leading to multiple organ failure [6] . This type of multiple organ failure may be related to patient outcomes, but there is no recommended assessment tool for the routine measurement of its severity. Recent studies reported the presence of extracerebral organ dysfunction in 66% of patients with postcardiac arrest, and further found that the Sequential Organ Failure Assessment (SOFA) scores of the cardiovascular system were independently associated with in-hospital mortality [7, 8] (S1 Table) . However, it is still not known if multiple organ dysfunction is associated with neurologic outcomes in comatose OHCA survivors treated with targeted temperature management (TTM).
Although the Acute Physiology and Chronic Health Evaluation (APACHE) II score (S2 Table) , one of the most well-known illness severity scores [9] , was not previously validated for use specifically in OHCA survivors treated with TTM, it has been validated as a useful instrument for predicting morbidity and mortality in critically ill patients [10, 11] . We hypothesized that APACHE II scores would be more suitable than SOFA scores in the assessment of outcomes in post-cardiac arrest patients, as they include age, comorbidities and physiological parameters. The objective of this study was to conduct a serial evaluation and comparison of the prognostic values of SOFA and APACHE II scores for neurologic outcomes, in comatose OHCA patients treated with TTM.
Materials and methods

Study design and patients
This single-centre retrospective, observational, registry-based study was performed at the emergency intensive care unit (ICU) of a university-affiliated teaching hospital in Korea. Data were extracted from the OHCA registry, which prospectively collected data of consecutive patients with OHCA, between January 2010 and December 2015. All OHCA survivors in our institution are entered into OHCA registry. The institutional review board of the University of Ulsan College of Medicine reviewed the study protocol and approved the study (approval number: 2016-0476). Informed consent was waived due to the retrospective nature of this study. The cohort included successfully resuscitated patients above the age of 18 years, who experienced non-traumatic OHCA with subsequent cardiopulmonary resuscitation, in whom the return of spontaneous circulation (ROSC) was achieved, who had neurologic impairments immediately after ROSC (defined as a patient's inability to follow commands), and who were treated with therapeutic hypothermia [12, 13] .
Management and data collection
All eligible patients were admitted to the emergency ICU. Post-resuscitation care, including coronary reperfusion or TTM, in accordance with the then-current advanced cardiac life support guidelines, was provided to them. TTM was performed using Arctic Sun Energy Transfer Pads [Medivance Corp, Louisville, Colo], with the aim of achieving a body temperature of 33-36˚C. The target temperature was maintained for 24 hours and then patients were rewarmed at a rate of 0.25˚C/h. During TTM, the temperature was monitored using an oesophageal temperature probe. Propofol and opioids (morphine or remifentanil) were used for sedation and analgesia. Neuromuscular blockades were administered to control shivering, if the need arose. All the patients received standard intensive care, according to the institutional ICU protocols.
Data on the following variables were obtained from the registry: age, sex, pre-existing illnesses, presence of a witness on collapse, first monitored rhythm, aetiology of cardiac arrest, collapse-to-ROSC interval, initial core temperature, pre-induction time, induction time, rewarming time, vital status, mortality (alive or dead), and Cerebral Performance Category (CPC) score at 28 days. In addition, we calculated the SOFA and APACHE II scores during the first 7 days after the ROSC. The SOFA score has a range of 0-4 points for each of the 6 organ systems (respiratory, coagulation, hepatic, cardiovascular, neurologic, and renal) [14] . The APACHE II score is composed of 12 physiological variables and 2 disease-related variables [9] . We also calculated the extracerebral SOFA score by excluding the neurologic component from the original SOFA score because the neurologic component has the potential to overshadow the other organ systems. We determined the SOFA and APACHE II scores, for each post-cardiac arrest patient, initially and then, at day 1, day 2, day 3, day 5, and day 7 after ICU admission. The initial scores were determined using the first value obtained after the ROSC; to determine the scores for days 1, 2, 3, 5, and 7, we used the worst value for each component during each 24-hour period. The primary outcome was the 28-day neurologic outcome, measured on the CPC scale. A poor neurologic outcome was defined as a CPC score of 3-5.
Statistical analysis
Continuous and categorical variables are represented as median with interquartile range (IQR), and number (%), respectively. Comparisons between patients were performed using the Mann-Whitney U test for continuous variables and the Chi-square test or Fisher's exact test for categorical variables. To estimate the effect of both day and group on the scores, we performed the linear mixed model that accounted for data clustering and dependency. After confirming the group-by-time interaction effect, the scores were compared the group effects within time points. All reported P-values are two sided, and P-value of <0.05 was considered statistically significant. The prognostic value of the SOFA and APACHE II scores, to predict poor neurologic outcomes, was analysed using the receiver operating characteristic curve with the area under the cure (AUC). The optimal cut-off value of the scores was determined using Youden's index. Data manipulation and statistical analyses were conducted using SAS 
Results
During the study period, a total of 143 patients with OHCA were admitted to the emergency ICU for post-resuscitation care. Among them, 62 patients (43.4%) survived till the 28-day mark, and 34 patients (23.8%) had good neurologic outcomes at day 28. The demographic and clinical characteristics of the patients are summarized in Table 1 . The median patient age was 61.0 years, and two-thirds of them were male (65.7%). While there was no significant difference between the survivors and non-survivors, in terms of the arrest cause and initial rhythm at the scene, the group with good neurologic outcomes more frequently showed arrests of cardiac origin (76.5% vs. 34.9%, P < 0.001) and shockable rhythms at the scene (50.0% vs. 17.4%, P < 0.001) than the group with poor neurologic outcomes (S3 Table) . The median SOFA and APACHE II scores at the time of admission were 11.0 (8.0-13.0) and 26.0 (23.0-30.0), respectively.
Although the SOFA and extracerebral SOFA scores of the survivors were significantly lower than those of the non-survivors, for all the study time points, except for day 1 in the ICU (S4 Table) , there was no significant difference between the good neurologic outcome and poor neurologic outcome groups, in terms of the SOFA and extracerebral SOFA scores, except for the SOFA scores at day 7 in the ICU (Fig 1A-1C) . In contrast to the SOFA and extracerebral SOFA scores, a significant difference in the APACHE II scores was observed between the good neurologic outcome and the poor neurologic outcome groups, as well as between the survivors and non-survivors. The peak values of all three scoring systems were observed within the first 72 hours after admission. The linear mixed model for neurologic outcome showed that the group-by-time interaction was significant for SOFA score (P < 0.001) and not for extracerebral SOFA (P = 0.06) and APACHE II (P = 0.37) scores (S5 Table) . For all time points, the least square mean of APACHE II score was also significantly lower in the good neurologic outcome group. The performance of the SOFA, extracerebral SOFA, and APACHE II scores in predicting 28-day mortality and poor neurologic outcomes is presented in Table 2 . While the discriminatory power, in terms of predicting 28-day mortality during the first 72 hours after admission, was weak for the SOFA scores (AUC, range: 0.563-0.644) and extracerebral SOFA scores (AUC, range: 0.567-0.619), there was no discriminatory power, in terms of the prediction of 28-day poor neurologic outcomes, for these scores. In contrast, the APACHE II scores showed a fair level of discriminatory power in predicting both 28-day mortality and poor neurologic outcomes; they showed higher AUC values in predicting poor neurologic outcomes than in predicting mortality. The power of predicting poor neurologic outcomes was highest on day 3 in the ICU (AUC, 0.793) and the optimal cut-off point was 15 (Fig 2) . The predictive performance of the APACHE II scores, with different cut-off values, was evaluated for all the study time points (Table 3) . With a cut-off score of 15, on day 3 in the ICU, the APACHE II score predicted 28-day poor neurologic outcomes with a sensitivity of 83.75%, a specificity of 61.76%, a positive predictive value of 83.75%, and a negative predictive value of 61.76%. The APACHE II score with cut-off value of 20 at day 3 predicted poor neurologic outcomes with a sensitivity of 43.75%, a specificity of 94.12%, a positive predictive value of 94.59%, and a negative predictive value of 41.56%.
Discussion
In this study, we conducted the serial evaluation of SOFA and APACHE II scores in comatose OHCA patients treated with TTM and evaluated the predictive power of both scoring systems for 28-day mortality and poor neurologic outcomes. Despite significant differences in the SOFA scores between survivors and non-survivors, this score was found to be an ineffective tool for the discrimination of poor neurologic outcomes. Compared with the SOFA score, the APACHE II score was found to be a good predictor of poor neurologic outcomes as well as mortality; the performance of APACHE II scores in predicting poor neurologic outcomes was the best on day 3 in the ICU, with an AUC of 0.793. Although a substantial number of patients (29/143, 20.3%) were excluded from the analysis due to death on day 3 in the ICU, APACHE II scores, at a cut-off value of 20, predicted poor neurologic outcomes with a sensitivity of 43.75%, a specificity of 94.12%, a positive predictive value of 94.59%, and a negative predictive value of 41.56%.
The SOFA scores displayed an acceptable discriminatory power for survivors, at admission, with an AUC value of 0.634, which was consistent with that of previously conducted studies [8, 15, 16] . Respiratory, cardiovascular and neurological dysfunction were the most commonly observed types of organ dysfunction, as observed in our study patients; this is also similar to the results of previously conducted studies. The SOFA score was originally developed to assess the degree of organ dysfunction and severity in patients with sepsis [14] . Considering the similarities in the clinical and physiologic aspects between post-cardiac arrest patients and patients with sepsis, it is reasonable to assume that the SOFA score is a good assessment tool for cases of post-cardiac arrest. However, the SOFA score failed to discriminate the neurologic outcomes from the time of admission to day 5 in the ICU, and the late improvement of the AUC value at day 7 in the ICU may have led to biased results due to patients dropping out of the study. The Glasgow Coma Score is used to assess neurologic dysfunction in the SOFA score, but accurate neurologic evaluation is not commonly performed due to the use of sedative drugs and neuromuscular blockers in post-cardiac arrest patients treated with TTM, in the early phase. We also found that extracerebral SOFA scores showed a weaker predictive power than SOFA scores, across time points. These results imply that organ dysfunction, relating to the respiratory, coagulation, hepatic, cardiovascular, and renal systems, could be an indicator of mortality, but not of neurologic outcomes. The APACHE II scores displayed a good predictive power for poor neurologic outcomes, across all time points and demonstrated the highest predictive value (AUC, 0.793) on day 3 in the ICU. The superiority of the APACHE II score when compared to the SOFA score could be attributed mainly to the measurements of the patients' previous health status (chronic health problems) and demographic status (age) [17] . Only one study, till date, has assessed APACHE II scores in cases of OHCA [18] . This study revealed that APACHE II scores were poor predictors of outcomes at time zero in the case of OHCA. For cases of in-hospital cardiac arrest, APACHE II scores were a modest indicator of illness severity [18] . Our study differed from this previously-conducted study [18] in that we included all non-traumatic OHCA patients treated with TTM, making for a homogenous study cohort with standardized post-cardiac arrest management, assessed APACHE II scores until day 7, determined the 28-day outcomes, and compared the prognostic values using SOFA scores. There are several limitations in our study. First, this was a single-center retrospective study based on a prospective cardiac arrest registry and, therefore, limitations pertaining to data gathering and analysis are inevitable. Second, despite following the standardized treatment protocol for post cardiac arrest, including the performance of TTM, the results cannot be generalized. Third, the results might be biased with regard to mortality and consequently, dropouts in the early phase. However, we also performed the linear mixed model to estimate the effect of both day and group on the scores and compared the group effects within time points to minimize the confounding.
Conclusions
Neurologic prognostication is an important clinical issue in the management of post-cardiac arrest patients, and is still under investigation. In this study, we found that APACHE II score after day 3 showed acceptable levels of discriminatory power, in terms of discriminating the good neurologic outcome group from the poor neurologic outcome group, as well as survivors from non-survivors. APACHE II scores calculated on day 3 in the ICU might be used as one piece of multimodal prognostic approach for predicting neurologic outcomes in post cardiac arrest patients treated with TTM following an OHCA. Further multicenter studies would be warranted to validate our results. 
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